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Scope of Claims 

LA semiconductor memory device having a charge trapping center layer composed 
15 of a lump cluster made of a semiconductor or a metal, or a film inside a gate insulating 
material, characterized in that; a capacitance formed between said trapping center layer 
and a gate electrode formed on the gate insulating material is larger than a capacitance 
formed between the trapping center layer and the semiconductor substrate beneath the 
gate insulating material. 
20 2. A semiconductor memory device according to claim 1, characterized in that a 

source and a drain are formed with a distance with each other on the semiconductor 
substrate, and injection, trapping or recombination of excited electron or hole generated 
by a reverse bias between the drain and the source or the substrate is conducted by 
applying a positive or negative voltage on the gate electrode. 
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Detailed Description of the Invention 

The present invention relates to a semiconductor memory device having a charge 
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trapping center layer composed of a lump cluster made of a semiconductor or a metal, or 
a film inside a gate insulating material, wherein a capacitance formed between such a 
layer and a gate electrode is larger than a capacitance formed between the trapping center 
layer and the semiconductor substrate. 
5 The present invention relates to a semiconductor memory device comprising a 

MIS-FET (insulated gate field effect transistor) including, inside a gate insulating film, 
a charge trapping center layer formed by using a lump cluster or a film made of silicone 
or germanium that is a semiconductor, or of molybdenum or the like which is a metal, 
wherein a reverse bias is applied to the vicinity of a drain to generate avalanche plasma, 
10 and an injection or a trap of hole or electron into the trapping center layer is carried out 
by applying a positive or a negative voltage on the gate. 

Up to now, a semiconductor memory needed several elements for one bit, because 
the recorded signal is volatile. Therefore, there has been a demand for a semiconductor 
memory device which is nonvolatile and records one bit with one element with a writing 
15 rate of 1 fxstc or less in order to be comparable to a core memory. The present invention 
has been made to satisfy such a demand and the embodiment of the invention will be 
described hereinafter with reference to the drawings. 

A silicon semiconductor with, for example, impurity of 1 x 10 15 - 5 x 10 15 cm' 3 with 
plane direction of (100) is used for a semiconductor substrate. Fig. 1 shows a source 3, 
20 a drain 4, a source lead 5 and a drain lead 6, which are formed on a substrate 1 . A field 
silicon oxide 2 with a 1 /u thickness is provided in order to remove or reduce capacitance 
coupling between the leads 5, 6 and the substrate 1. The oxide film 2 may be made by, 
after covering the portion constituting MIS-FET with a silicon nitride film, oxidizing the 
substrate at a temperature of 900°C in vapor, and then by removing the silicon nitride 
25 film and removing an excess portion so that the surface of the substrate 1 and the surface 
of the film 2 may be coplanar. 

Thereafter, all of these are dried and subjected to thermal oxidation at 1,200°C 
under the dry or wet oxygen atmosphere, to a gate insulating film 10 having a thickness 
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of 500 - 3000 A. Although the writing operation becomes easier as the oxide film is 
thinner, it has been found from experiments that when it is 100 A thick or less, the 
avalanche state cannot be obtained many times, resulting in deterioration of interfacial 
characteristics, so that the film thickness should be 200 A or more. Furthermore, on top 
5 of those, silicon or germanium is deposited by siiane, germane or any other chloride gas 
to have an average thickness equal to or less than about 2000 A, to thereby form a film 
constituting a charge trapping center layer 9. The deposition of germanium may be 
performed by vacuum evaporation and that of metal such as molybdenum may be 
performed by sputtering. If the average thickness of the film is equal to or less than 300 
10 A, the resulting film is in the form of lump cluster and does not have a so-called film 
structure. It has been found as a result of experiments that the trapping center layer 9 is 
not necessarily a silicon gate having a thickness of 3000 - 7000 A and if a film having an 
average thickness of 2000 A or less of lump cluster is used for the trapping center layer 
9, electric charge may be injected and trapped as well. Then, to obtain a shape of 9, 
15. unnecessary portion of semiconductor layer 9 is removed by photo etching. After that, 
a thin insulating film is formed on the top surface of the semiconductor layer 9 with 
employing the following two methods. One of them is a method in which the entire 
portion thereof is subjected to oxidization at 700° - 1100°C under the atmosphere of wet 
oxygen, and such a semiconductor, e.g., a part of silicon is oxidized to form 8 as a silicon 
20 oxide film. In this way, the film 8 is formed to have a 500 A thickness at most. The other 
is a method in which a material having a higher specific dielectric constant compared to 
silicon oxide, such as silicon nitride film, aluminum oxide, titanium oxide or tantalum 
oxide film is formed to have a 300 - 1000 A thickness. As the silicon nitride film or 
aluminum oxide film is formed by a gas phase method, it was impossible to form a film 
25 with a thickness of less than 300 A while eliminating a pinhole. In either case, the device 
employs a structure in which, compared with the thickness of the insulating film 10, the 
other insulating film 8 has a film thickness sufficiently small, or a material having a 
higher dielectric constant is used therefor, resulting in such a structure that the 
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capacitance of the trapping center layer is made larger than that of the substrate, which 
is a basic structure of the present invention. Thereafter, the portion other than the portion 
between A and B in Fig. 1 is removed by chemical etching. 

Furthermore, then, poly-crystalline silicon doped with a large quantity of impurities 

5 is deposited to have a 5000 A - 1 fx thickness over the whole part of the device. With this 
step, obmic contact between the source 3 and the source lead 5 or between the drain 3 and 
the drain lead 6 is perfectly obtained. 

Finally, the gate electrode, the source lead 5 and the drain lead 6 are formed by 
photo etching, and then diffusion of the source and the drain is carried out. The depth of 

10 diffusion of the source or the drain, especially of the drain, was made to be 1 fx or less, 
actually 0.1 - 0.3 /i. This step includes two characteristics. One of them resides in to 
reduce the reaction between the trapping center layer 9 and the surrounding insulating 
films 8, 10, which occurs due to heating of the trapping center layer 9, and the other 
resides in to reduce the necessary voltage for obtaining an avalanche state in the vicinity 

15 of the drain. Although the avalanche voltage is generated at a reverse bias region having 
a p-n junction in the vicinity of the drain, the reason thereof is that the smaller the radius 
of curvature of the drain end is, the lower the ratio of the impurity concentration of the 
drain and that of the substrate is, thereby being capable of lowering the avalanche 
voltage. 

20 If the impurity concentration of the diffused drain is set to 10 19 cm' 3 , the avalanche 

voltage is decreased by 40% compared to the case of 10 20 cm' 3 . Therefore, in this 
embodiment, the impurity concentration of the drain was set to 10 18 cm" 3 . 

To cause the avalanche plasma state, a voltage may be applied to between the source 
and the drain, otherwise between the substrate and drain. In either case, a reverse bias 

25 voltage is applied to the p-n junction in the vicinity of the drain, and the avalanche plasma 
state is generated at a region around the surface of the p-n junction where the electric 
field is concentrated. To define a location of an integrated circuit where the avalanche 
state is caused, it may employ a matrix structure with the gate placed alongside Y axis and 
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the line between the source and the drain placed alongside X axis. In order to eliminate 
such a structure, the avalanche state may be generated between the substrate and the 
drain. 

The present invention was realized through the manufacturing steps described 
5 above. Fig.2 is a principle drawing theoretically indicating one of the present inventions. 
That is, a gate voltage Vg is applied onto the gate 7. Also, reference numeral 8 has Qg, 
(each indicates capacitance and conductance, respectively), and the capacitor 10 is 
represented by C 2 g 2 . The trapping center layer 9 has electric charge Q ss caused by 
electron or hole. The opposite side of is connected to the substrate. In this situation, 
10 the gate voltage Vg is applied onto the gate, and Q ss is expressed as the following 
equation. 



hole is accumulated in the trapping center layer 9, respectively, with the result that Q,, can 
be increased by making g 2 and Q bigger and g,C 2 smaller. Although g 2 of general 
insulating material is almost zero, g 2 looks to become bigger outwardly because electron 
or hole that is a carrier in a plasma state having an extremely high activating energy 

20 generated when an avalanche state is occurred in the drain. It is needless to say that the 
degree of g 2 that becomes bigger as the thickness of film is smaller, whereas when the 
thickness of the film is made too thin, it became clear that insulating film itself is 
destroyed and a continuity state is provided between the trapping center layer 9 due to 
avalanche and. It should be thicker than 500 A upon practical use. It is needless to say 

25 that g 2 becomes almost zero when an avalanche state no longer exists. Simultaneously, 
in order to give necessary charge density for memory, i.e. 5 x 10 10 - 2 x I0 12 crn 2 , and 
to make it possible to reduce voltage Vg applied onto the gate practically, it became clear 
that Q is required to be made as big as possible compared to C 2 . The present invention 



Qss = Vg*(g 1 C 2 -g2C ] )/(g 1 +g 2 ) 
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When a positive voltage or a negative voltage is applied onto the gate, electron or 
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has been made through such a scientific consideration. 

When the silicon oxide film has a thickness of 3000 A and a capacitance of 4 PF, 
and Q is replaced with 4 PF, 40 PF and 400 PF, the gate voltage had to be 150 V, 40 V 
and 20 V, respectively, in order to inject electron, and the gate voltage had to be 30 - 50% 

5 still higher in order to inject holes. From this fact, it becomes apparent that increasing the 
capacitance of the insulating film 8, which is a gist of the present invention, is extremely 
important in order to set the gate voltage within practically usable value. 

In the embodiment described in Fig.l, the trapping center layer 9 is formed only on 
the channel, however, it is needless to say that it may take a structure shown in Fig. 3A, 

10 in which the trapping center layer is extended over the source in order to make a large 
electric capacitance in the insulating film below the gate. It is needless to say that it may 
take a structure shown in Fig. 3B in which the trapping center layer is extended over the 
adjoining insulating layer. These variations are based on an identical technical idea of 
the present invention, so that the structure should be decided in accordance with its 

15 purpose. 

The present invention also has an object to make the transfer of electron or hole 
from substrate 1 to the trapping center layer 9 faster as shown in Fig.l. It became clear 
that the avalanche plasma has several characteristics through experiments of the present 
invention. One of them resides in that a plasma state takes place only on the p-n reverse 

20 bias in the drain, and the movement of the plasma state due to the diffusion of carriers is 
relatively small, i.e., around 1 /j. With this, the trapping center layer 9 have to be made 
of a material with high electric conductivity, unless otherwise it takes more than 100 sec 
or more to extend on the whole part of the channel. Therefore, it was better to adopt a 
metal for the trapping center layer 9. 

25 In addition, as the characteristics of memory, though the writing or rewriting 

operation can be made, the speed of recombination between electron and hole and the 
mobility thereof in the trapping center layer 9 are far faster in case of silicon than in case 
of germanium. As a result, in the case of exactly identical condition, for example, in the 
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structure shown in Fig. 1, and the average thickness of the layer 9 is 300 A, its write 
speed and rewrite speed in the case of silicon were up to 1 ^sec, however, its write speed 
and rewrite speed in the case of germanium were able to measure up to 100 nsec. Also, 
the charge trapping layer 9 is not required as its average thickness to have several 

5 thousand A at all, as in the case of the floating gate, and the average thickness of 500 A 
is sufficient, and the function did not change at all even when it has cluster structure with 
thickness of 300 A or less. 

As is apparent from the description above, the present invention has been made 
through a theoretical consideration and experimental facts obtained by using the 

10 structures manufactured based thereon, and therefore it is believed that the present 
invention is very important to enable a writing or rewriting operation using an avalanche 
state that is caused to generate in the vicinity of the drain. 

Brief Description of the Drawings 

Fig. 1 is a horizontal cross sectional view of a semiconductor memory device 
15 embodying the present invention; Fig. 2 is a circuit drawing for considering the present 
invention theoretically. Figs. 3 are cross sectional views showing devices developed from 
the device of Fig. 1 based on the technical idea of the present invention. 
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